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1.1  gnakaleB rataL  
 gnay atkaske umli nakapurem akitametaM natiakreb   nad sumur nagned
 gnay nagnutihrep  nakanahredeynem kutnu utnab tala iagabes nakidajid tapad
ahabmep .halasam utaus nas  p aynmumu adaP re nahalasam   gnay  naktabilem  ledom
 ,aimik ,akisif itrepes nauhategnep umli iagabreb malad lucnum gnires ,akitametam
 ,ortkele kinket ,lipis kinket utiay snias asayaker nalaosrep adap atres imonoke
 .ayniagabes nial nad nisem kinket  nakanugid gnay anahredes edotem utas halaS
leynem kutnu  ada ,numaN .sitilana edotem halada tubesret nahalasamrep nakiase
 kutnu tilus tubesret halasam naiaseleynep sesorp malad anamid susak aparebeb
  natakednep utaus nakhutubid aggnihes kitilana araces nakiaselesid  .kiremun  
turuneM  & arpahC(  elanaC  , 7002 ) m , ote kinket halada kiremun ed   anamid
es nakisalumrofid akitametam halasam id tapad aggnihes apur naikimed  nakhacep
 uata nagnutihrep araces akitamtira . M  kutnu nakanugid gnires ini edote
nakiaseleynem  aenilnon naamasrep metsis utaus  .skelpmok nad timur gnay r
aparebeB  aenilnon naamasrep irad kutneb  ,irtemonogirt kutneb naktabilem r
 .aynnial nednesnart isgnuf nad amtiragol ,laisnenopske  nahalasamreP  gnires gnay
ep irad isulos nakumenem anamiagab halada aynutas halas nakumetid  naamasr
aenilnon kutneb malad r : 
0)( =xf ,                      
d nagne  ℜ→ℜ⊂Df :  a .D akubret gnales id ralaks isgnuf halad  
 iracnem kutnu nakumetid halet gnay kiremun edotem kaynaB
aenilnon naamasrep naiaseleynep r  gnilap gnay kiremun edotem utas halaS .
 halada lanekret notweN edoteM - noshpaR  kutneb nagned lanekid gnay : 
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d nagne  ,3,2,1,0=n   nad 0)(' ≠nxf . 
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)2.1( naamasreP adap notweN edoteM  d nagnotomep irad naklisahid  tere
gnay utas edro rolyaT   ikilimem  edro  isnegrevnok  isgnuf isaulave aud nagned aud  
isneisife skedni nad  2414.12 2
1
≈   helo naksalejid ini lah ( ihcstuaG , 2102 )  .  
aleS nakanuggnem ni  d nagnotomep  ,rolyaT tere  kaynab p itilene   gnay
sareti edotem naklisahgnem kutnu natakednep kinket iagabreb nakanuggnem  .i
 aynnatakednep kinket utas halaS isgnuf natakednep halada P .  ini isgnuf natakedne
 helo nakukalid halet  b utiay itilenep aparebe  ( tamA  kkd  , )3002   iskurtsnokgnem
 isareti edotem alobrepiH naamasreP nakanuggnem nagned
,02 =++++ dycyyxbya kutneb malad : 
,&0,
)(
)(
)(
)(
1
)(
2
1
11 ℜ∈≥





′




















′
+
+−=+ n
n
n
n
n
n
nf
nn bnxf
xf
xf
xf
b
xL
xx  
d nagne  
)(
)()(
)(
n
nn
nf xf
xfxf
xL
′
′′
= .          2.1( ) 
( nuhC  , )7002   amas gnay naitilenep nakukalem  nakanuggnem nagned
alobaraP naamasrep 022 =++++ dycxbyax  nad ,02 =+++ cybxax  gnay
gnisam - kutneb malad silutid tapad tubesret naamasrep irad isareti lisah gnisam : 
)(
)(
)())(1(2
)()())(1(2
2
2
1
n
n
nfnn
nnnnn
nn xf
xf
xLxfa
xfxfaxfa
xx
′−′+
′′+′+
−=+  , ℜ∈na ,      
nad  
,0,
)(
)(
)(211
2
1 ≥





′







−+
−=+ nxf
xf
xL
xx
n
n
nf
nn          
 nagned )( nf xL  halada  2.1( naamasreP .)  
 aratnemeS uti , (S amrah  , )7002   nagned isareti edotem iskurtsnokgnem
alobaraP naamasrep nakanuggnem  02 =+++ cxbyya  gnay isareti lisaH .
 silutid tapad tubesret naamasrep iskurtsnok irad naklisahid  malad kutneb : 
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nagned )( nf xL 2.1( naamasreP halada .)  
 nakukalid tubesret isareti edotem iskurtsnokgnem kutnu naitileneP
 helo ilabmek tamA(  kkd  , )8002  alobrepiH naamasrep nakanuggnem nagned
0=+++ xxbyyxa d , kutneb mala  :  
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 adaP nuhat -  naamasrep nakanuggnem isareti edotem iskurtsnok aynmulebes nuhat
maN .alobrepiH nad alobaraP  ayntukireb nuhat adap ,nu atpuG(  kkd  , )9002  
 spillE naamasrep nakanuggnem 1
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 gnay isareti edoteM .urab isareti edotem iskurtsnokgnem  irad naklisahid
sret naamasrep iskurtsnok kutneb malad silutid tapad tube : 
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nagned )( nf xL 2.1( naamasreP halada .)  
id naiaru nakrasadreB  sata  naka silunep ini rihkA saguT adap ,
 utaus iskurtsnokgnem  irad urab isareti edotem p isgnuf naamasre
023 =++++ dxcxbxay  nanurut taumem urab isareti edotem anerak helO .
 iskuderem silunep audek nanurut naanuggnep iradnihgnem kutnu akam ,audek
isgnuf nakanuggnem tubesret audek nanurut .023 =++++ txsxrxy   kinkeT  ini
nmulebes  helo nakukalid hanrep ay ( nuhC ,  7002 b7002 ,a )  , ( naijoaiX  , )8002  , (  uY
uX & ,  ,)2102 nad  ( nurdaB  onotraW &  , )9102  adap ,uti irad akaM .  ini rihkA saguT
 luduj irebmem naka silunep  “  iskurtsnoK  nanuruT apnaT isaretI edoteM
audeK  nakanuggneM  sgnuF i 
 
𝒚 � 𝒂𝒙𝟑 � 𝒃𝒙𝟐 � 𝒙𝒄 � 𝒅 � 𝟎”. 
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2.1  halasaM nasumuR  
 id naiaru nakrasadreB   adap  sahabid naka gnay halasam nasumur sata
“ halada ini rihkA saguT  anamiagaB  isaretI edoteM audeK nanuruT apnaT  
 isgnuF natakedneP nakanuggneM 023 =++++ dxcxbxay ”? . 
3.1  halasaM nasataB  
 asam nasatab nupadA hal  isgnuf utiay ini rihkA saguT adap -  gnay isgnuf
 nagned raenilnon naamasrep nakapurem nakanugid  elbairav  ialinreb nad laggnut
laer .    
4.1  naitileneP naujuT  
 uT halada ini naitilenep irad nauj : 
.1   natakednep nakanuggnem urab isareti edotem iskurtsnokgneM  isgnuf
audek nanurut apnat . 
.2  isnegrevnok edro nakutneneM   irad urab isareti edotem . 
.3   isareti halmuj nakutneneM  ecnegrevnoC fo redrO lanoitatupmoC .)COC(  
.4   naktapadneM fitaler talag ,kaltum talag   nad ialin - isgnuf ialin .)( nxf  
5.1  naitileneP taafnaM  
  naitilenep irad taafnaM halada ini : 
.1   edotem nakirebmeM  isareti  naumliek nagnabmegnep padahret urab kutneb
.kiremun edotem gnadib  
.2  utnenem kutnu nakanugid tapaD raka nak - aenilnon naamasrep raka .r  
.3  edotem irad urab kutneb habmaneM -  nakidajid tapad gnay isareti edotem
 kutnu aenilnon naamasrep nakiaseleynem .r  
.4   isnerefer kutnu rasad nahab nakidajid tapaD  edotem nagnabmegnep
.aynnial  
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6.1  nasiluneP akitametsiS  
  nasilunep akitametsiS  rihka sagut pukacnem ini  utiay ,bab amil : 
I BAB  NAULUHADNEP  
B  nasumur ,gnakaleb ratal gnatnet isireb ini ba ,halasam  nasatab
.naitilenep taafnam nad ,naitilenep naujut ,halasam  
    II BAB IROET NASADNAL  
B ni ba ireot isireb i - iroet   gnay rasad .naitilenep sesorp malad nakanugid  
III BAB  NAITILENEP IGOLODOTEM  
B sireb ini ba hakgnal gnatnet i -  gnay hakgnal  malad nakanugid
.ini rihkA sagut adap naitilenep  
 VI BAB  NASAHABMEP NAD LISAH  
B ini ba   nad nasahabmep gnatnet isireb pamep  nara  adap naitilenep lisah
.rihkA saguT  
 V BAB  PUTUNEP  
B sireb ini ba  naras nad nalupmisek gnatnet i  irad helorepid gnay
halet gnay naitilenep  nakukalid . 
  
II BAB  
IROET NASADNAL  
1.2  rolyaT tereD  
 isatneserper halada rolyaT tereD akitametam isgnuf   iagabes nep  nahalmuj
aggnih kat  ukus irad -  irad gnutihid aynialin gnay ukus nanurut   id tubesret isgnuf
t utaus  koorB amanreb gnay sirggnI nawakitametam irad lasareb rolyaT tereD .kiti
 .kiremun edotem utaus naknurunem kutnu nakanugid gnires ini tereD .rolyaT
.rolyaT tered ianegnem ameroet nakirebid tukireB  
( 1.2 ameroeT 4002 ,llecruP  ) naklasiM f   halada  haubes f  isgnu gnay  ek nanurut -
)1( +n , )()1( xf n+  gnisam kutnu ada -  gnisam x  malad   akubret lavretni I  gnay
 gnudnagnem α gnisam kutnu akaM . -  gnisam  x  malad I  tapadret , c   aratnaid x  nad
α  aggnihes naikimedes :   
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tubesid   asis ukus  nahalasek uata .)rorre(  
ek edro ukus iapmas gnotopid gnay rolyaT tered naikimed nagneD - n  silutid tapad
tukireb iagabes : 
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d nagne  )(xPn kutneb malad rolyaT naamasrep halada :  
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1.2 hotnoC :  isgnuf haliripmaH xexf x += 2)(   ratikesid rolyaT tered malad ek
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0 =x  .agit edro aggnih  
 
 
 II -2 
 
:naiaseleyneP  
xexf x += 32)(  ,  akam 99698967,5
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1.2( naamasreP nakrasadreB  ,) )(xf   edro iapmas rolyaT tered nagned iripmahid
kutneb malad agit : 
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2.2  naripmaH edrO  
nem kutnu arac utas halas nakapurem naripmah edrO nakkujnu   naitiletek
 nagned nakisatonid nad isgnuf haubes naripmahgnep .)( nhO   isgnuf naklasiM
)(xf  .anahredes hibel gnay naripmah isgnuf nagned nakitnagid tapad timur gnay  
1.2 isinifeD  2991 ,swehtaM( )  naklasiM )(hf  isgnuf nagned iripmahid  )(hp . 
akiJ  nhMhphf ≤− )()( nagned ,  M a nad laer atnatsnok halad  0>M  akam ,
 awhab nakatakid )(hp   iripmahgnem )(hf   naripmahgnep edro nagned )( nhO   nad
silutid tapad : 
)()()( nhOhphf += ,                      ( 2.2 ) 
nagned )( nhO  .isgnuf utaus naripmahgnep irad talag edro nakapurem  
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aynmumu adaP h   gnay ialin ikilimem  akam ,1 irad gnaruk utiay licek pukuc
ialin iggnit nikames  n   nikames aggnihes licek nikames naka rorre uata talag akam
edroreb gnay edoteM .aynisgnuf naripmahgnep itilet  )( nhO   hibel naka aynlisah
edroreb gnay edotem adap irad itilet  )(hO . 
gnem kutnu nakanugid rolyaT tered mumu araceS  utaus irad ialin iripmah
,isgnuf  naklasiM  
hxx ii +=+1 , 
nagned ,0=i ,1 ,2 kitit halada -  rabeles kitit h  isgnuf naripmah akam , )( 1+ixf
 ratikesid rolyaT tered nagned ix  halada : 
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3.2( naamasreP  isgnuf halada ) )(xf   tajared rolyaT tered nagned iripmahid
n  ,  ukus akam gnabmal nagned nakataynid pukuc aynasis )( 1+nhO . 
 :hotnoC )(1 2hOheh ++= .2 naripmah edrO ,  
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3.2   isnegrevnoK edrO  
  utaus halada isnegrevnok edrO  isareti edotem utaus natapecrep takgnit
raka iripmahgnem malad - isgnuf naamasrep raka .  isnegrevnok edro raseb nikameS
raka iripmahgnem malad tapec hibel naka akam edotem utaus -  naamasrep raka
.isgnuf  nok edro gnatnet nakataynem gnay isinifed nupadA  halada isnegrev
tukireb iagabes . 
 2.2 isinifeD 2991 ,swehtaM(  ) naklasiM }{ nx halada   haubes  gnay nasirab
padahret negrevnok  α  nanupmih nad  α−= nn xe  kutnu  0≥n  tapadret akiJ .
 nagnalib talag atnatsnok  0≠K  isnegrevnok edro nad  0>p nagned ,  
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M nasirab aka  }{ nx  padahret negrevnok  α  d  isnegrevnok edro nagne p . 
 akiJ ,1=p ,2=p 3=p   nad ,4=p   nasirab akam { }∞=0nnx  gnisam nakatakid -
gnisam   .tapme nad ,agit ,aud ,utas isnegrevnok edro ikilimem  
 3.2 isinifeD 2991 ,swehtaM(  )  nakirebiD α−= nn xe   isareti adap talag nakapurem
ek - ,n  nakisinifedid akam : 
)( 11
+
+ +=
p
n
p
nn eOece .           5.2( ) 
5.2( naamasreP .talag naamasrep nakapurem )   naamasrep helorepid akiJ
 ialin akam ,isareti edotem gnarabmes kutnu talag p   edro iagabes tubesid
grevnok  .isne  naamasrep ikilimem gnay notweN edotem hotnoc adap naklasiM
 talag .)( 3221 nnn eOece +=+   irad ,isnegrevnok edro ianegnem isinifed nakrasadreB
 ialin helorepid tubesret talag naamasrep .2=p   edotem awhab itkubret aggniheS
.aud isnegrevnok edro ikilimem notweN  
M  nakanuggnem nagned nakukalid tapad aguj isnegrevnok edro nakutnene
ecnegrevnoC fo redrO lanoitatupmoC   naripmah nakgnidnabmem utiay )COC(
raka irad - .isgnuf haubes raka  
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 4.2 isinifeD ( 0002 ,odnanreF & nokareeW )  naklasiM α   irad raka halada )(xf  
 nakiadna nad ,1+nx nx   nad 1−nx  turutreb -  nagned taked gnay isareti halada turut
,α   akam ecnegrevnoC fo redrO lanoitatupmoC   nakgnabmalid gnay )COC(
 nagned ρ  sumur nakanuggnem nagned nakisamiskorpaid tapad : 
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 anerak helO ,11 α−= ++ nn xe   akam  fo redrO lanoitatupmoC ecnegrevnoC   )COC(
 nasirab utaus irad { } 0≥nnx  halada : 
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2.2 hotnoC  :  isgnuf nakirebiD ,01)( 3 −= xxf  edotem nakanuggnem nagned
isareti nakutnet ,notweN  naamasrep raka nakutnenem kutnu  ,0096434451,2=α
 lawa ialin nagned tubesret isgnuf isnegrevnok atres 5,10 =x   talag isnarelot nad
 fitaler .01 01−  
: naiaseleyneP  
01)( 3 −= xxf n , 
 nad  
23)(' xxf n = . 
S  nakisutitsbu ,5,10 =x  ek )(
)(
1
n
n
nn xf
xf
xx
′
−=+ helorepid aggnihes , : 
)('
)(
0
0
01 xf
xf
xx −=  
       )00000057,6(
)00000526,6(
5,1
−
−=  
84184184,21 ≈x . 
reb araces amas gnay arac nakanuggnem nagned ,uti anerak helO turut -  ,turut
helorepid : 
22446591,22 ≈x , 3301551,23 ≈x , 69434451,24 ≈x  nad  .96434451,25 ≈x  
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 ialin nakutnetid naka ayntujnaleS ,1ρ ,2ρ , ,nρ  tapadid aggnihes : 
)()(nl
)()(nl
01
12
1 αα
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−−
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=
xx
xx
 
)96434451,25,1()96434451,284184184,2(nl
)96434451,284184184,2()96434451,222446591,2(nl
−−
−−
=  
  10102689,2= . 
nagneD   ialin helorepid amas gnay arac 63362229,12 =ρ  nad 55745799,13 =ρ . 
tukireb 1.2 lebaTadap nakkujnutid notweN edoteM irad COC lisaH : 
.2 lebaT notweN edoteM COC irad isaretI lisaH 1  
n  nx  1−− nn xx  COC  
1 48184184,2  e18418418,9 - 10  - 
2 22446591,2  e95273858,2 - 10  02689,2 101  
3 03302551,2  e19190440,4 - 20  62229,1 633  
4 69434451,2  e66093386,7 - 40  99,1 57 5574  
limem notweN edotem awhab tahilid tapad 1.2 lebaT nakrasadreB  edro iki
nagned aud isnegrevnok 2≈ρ . 
4.2  isneisifE skednI  
4691 ,buarT( 5.2 isinifeD ) naklasiM w  isgnuf adap isaulave irad halmuj halada
 nagned rukuid edotem utaus irad isneisife akam ,aynfitavired irad utas halas uata
 nakisinifedid gnay isneisife skedni helo : 
qpE
1
= .            8.2( ) 
nagned p .edotem utaus irad irad isnegrevnok edro  halada  
 halmuj nad isnegrevnok edro adap gnutnagreb isneisife skedni ialiN
 fitkefe nikames akam ,isneisife skedni ialin raseb nikameS .isgnuf isaulave
 malad tubesret edotem aenilnon naamasrep nakiaseleynem C .r  edotem aynhotno
ad aud isnegrevnok edro ikilimem notweN  utiay isgnuf isaulave aud n )( nxf   nad
,)(' nxf   halada notweN edotem isneisife skedni aggnihes .2414,12 2
1
≈   edoteM
 II -7 
 
sybehC h  edro ikilimem ve  isnegrevnok  utiay isgnuf isaulave agit nad agit ,)( nxf
)(' nxf   nad ,)(' nyf  sybehC edotem isneisife skedni ialin aggnihes h halada ve
.2244,13 3
1
≈  
aggnihes ,aynmulebes nasalejnep nakrasadreB   awhab naklupmisid tapad
C edotem sybeh h  laH .notweN edotem adap irad fitkefe hibel ve  nakanerakid uti
sybehC edotem isneisife skedni h .notweN edotem nakgnidnabid iggnit hibel ve  
5.2   gnay isaretI edoteM iskurtsnokid  irad  aeniL isgnuF r  edrO nad
aynisnegrevnoK  
sareti edoteM aenil isgnuf irad lasareb gnay i  isareti edotem aynutas halas r
notweN - oshpaR  gnires tagnas gnay isareti edotem nakapurem ini edoteM .n
 kutneb malad akitametam nahalasamrep nakiaseleynem malad nakanugid
rep aenilnon naamas r. 
aenil isgnuf kutneB ubmem malad nakanugid gnay r notweN edoem ta -
halada noshpaR : 
bxay += .            9.2( ) 
kitit iulaleM ,))(,( nn xyx .2( naamasreP akam 9  ) kutneb malad silutid tapad : 
bxxaxyxy nn +−=− )()()( .                   01.2(  )  
 ,naidumeK amatrep nanurut nakutnet  reP 01.2( naamas ,)  helorepid akam : 
axy n =′ )( .          11.2( ) 
11.2( naamasreP ) id 01.2( naamasreP ek nakisutitsbus helorepid aggnihes ) : 
bxxxyxyxy nnn +−′=− )()()()( .       2( 21. ) 
A libm nxx = P akam  naamasre 21.2( kutneb malad silutid tapad ) : 
bxxxyxyxy nnnnn +−′=− )()()()( .       31.2( ) 
31.2( naamasreP nakrasadreB  ) ialin helorepid akam  .0=b  iN ial  b  nad  a
sid 1.2( naamasreP ek nakisutitsbu 0  ) helorepid akam : 
)()()()( nnn xxxyxyxy −′=− , 
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uata     
 )()()()( nnn xxxyxyxy −′+= .       ( 41.2 ) 
41.2( naamasreP d )  nakismusai ubmus id nagnotopreb - x  p kitit ada )0,( 1+nx  ,
aggnihes  0)( 1 =+nxy  01.2( naamasreP nad idajnem ) : 
)()()()( 11 nnnnn xxxyxyxy −′+= ++ ,         
         )()()(0 1 nnnn xxxyxy −′+= + .       51.2( ) 
A  isidnok nakirebid alibap )(')(',)()( nnnn xfxyxfxy == helorepid , : 
 0)()()( 1 =−′+ + nnnn xxxfxf .       61.2( ) 
isarepo nakanuggneM  m 61.2( naamasreP irad akitameta areti edotem helorepid )  is
notweN - kutneb nagned noshpaR : 
 0,
)(
)(
1 ≥′
−=+ nxf
xf
xx
n
n
nn nad 0)( ≠′ nxf .      .2( 71 ) 
 naamasreP 71.2( notweN edotem nakapurem ) -  noshpaR ikilimem gnay   edro
utas isnegrevnok  nagned  isgnuf isaulave aud naktabilem  . S nale  edro ,ayntuj
notweN edotem isnegrevnok - ejid naka noshpaR ini hawabid ameroet adap naksal .  
2.2 ameroeT  .kkd ,nedruB( , )1991   nakismusA D∈α   isgnuf irad raka halada
)(xf  nagned ℜ⊂Df :  y  akubret lavretni adap laisnerefidret gna .D   akiJ 0x   
 ek taked pukuc ,α  2( naamasreP akam 71.  helorepid )  naamasrep talag : 
)( 3221 nnn eOece +=+ ,         81.2( ) 
d agne n α−= nn xe  d na  ,)('
)(
!
1 )(
α
α
f
f
j
c
j
j = ,2=j   ,4 ,3
 
⋯ . 
itkuB  : naklasiM  α  a  irad raka halad ,)(xf   akam .0)( =αf   nakismusA
0)(' ≠αf   nad ,α+= nn ex   kutnu rolyaT tered nakanuggnem nagned
 isgnuf nakisamiskorpagnem )( nxf   ratikes id ,α  helorepid akam : 
( ) ( )2)(")(')()(
!2 nnn
f
xxffxf
α
αααα ⋅⋅⋅+−++−+= .     
O  anerak hel α+= nn ex   nad ,0)( =xf   akam  
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)(
!3
)('''
!2
)(''
)(')( 432 nnnnn eOe
f
e
f
efxf +++=
αα
α  
   






+++=
)('
)(
)('!3
)('''
)('!2
)(''
)('
4
32
αα
α
α
α
α
f
eO
e
f
f
e
f
f
ef nnnn  
( )432 32 )()(')( nnnnn eOececefxf α +++= .      91.2( ) 
 irad rolyaT tered nakanuggnem nagned ayntujnaleS )(' nxf   ratikesid α helorepid : 
( )432 432 )(4321)(')(' nnnnn eOecececfxf α ++++= .       02.2( ) 
naigabmeP  02.2( nad )91.2( naamasreP irad helorepid ) : 
( )
( )
432
32
432
432
)()(')(
)(' )(4321)('
nnnnn
n nnnn
eOececefxf
xf eOecececf
α
α
+++
=
++++
,    
uata  
 
( )
( ).)(4321
)(
)(
)(
43
4
2
32
43
3
2
2
nnnn
nnnn
n
n
eOececec
eOecece
xf
xf
++++
+++
=
′
     12.2( ) 
 naklasiM )(432 434
2
32 nnnn eOecececu +++=   tered nakanuggnem nagned akam  
+−+−=
+
321
1
1
uuu
u
d , tapa  helorepid :  
  ( )( ))(22
)(
)( 43
3
2
2
2
2 nnnn
n
n eOeccece
xf
xf
+−+−=
′
.      22.2( )    
ntujnaleS masreP nakisutitsbus ay 71.2( naamasreP ek )22.2( naa helorepid ) : 
 ( )3221 )( nnnnn eOecexx + +−−= .        32.2( ) 
O  anerak hel 11 ++ += nn ex α   nad ,nn ex += α  amasreP akam 71.2( na  ) helorepid : 
)( 3221 nnn eOece +=+ .         42.2( ) 
 talag naamasrep nakapurem )42.2( naamasreP  gnay notweN edotem kutnu
limem notweN edotem awhab nakkujnunem .aud isnegrevnok edro iki  
6.2   iskurtsnokid gnay isaretI edoteM  isgnuF irad kitardauK  
s agit isngrevnok edro ikilimem gnay isareti edoteM nad vesybehC itrepe  
yellaH   naklisahid tapad  ,uti nialeS .aud edro rolyaT tered nagnotomep irad
 aguj kitardauk isgnuf irad lasareb gnay lanoisgnuf natakednep nakanuggnem
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gnem kutnu nakanugid tapad  kitardauk isgnuF .amas gnay isareti edotem naklisah
 nakanugid gnay kutneb malad silutid tubesret : 
 02 =+++ cxbyxa .         52.2( ) 
kitit iulaleM ( ))(, nn xyx  naamasrep aggnihes )52.2(  silutid tapad  kutneb malad : 
( ) 0)()()()( 2 =+−+−+− cxxbxyxyxxa nnn .   52.2( )a  
 ,ayntujnaleS ut nad amatrep nanurut ur ad audek nan 52.2( naamasreP ir  )a  tapad
malad silutid  kutneb : 
0)()(2 =+′+− bxyxxa n ,      52.2( )b  
nad  
0)(2 =′′+ xya .       52.2( )c  
libmagnem nagneD nxx =  akam   naamasrep 52.2(  tapad )c kutneb malad silutid : 
 0)(2 =′′+ nxya .         62.2( ) 
62.2( naamasreP nakrasadreB  ialin helorepid ) a  tukireb iagabes : 
 
2
)( nxya
′′−
= .          72.2( ) 
72.2( naamasreP id ) 52.2( naamasreP ek nakisutitsbus )b  nad  libmagnem nagned
nxx =  akam , ialin helorepid  b  agabes i tukireb : 
 )( nxyb ′−= .          82.2( ) 
 ,ayntujnaleS .2( naamasreP 72 2( nad ) 82. id ) reP ek nakisutitsbus 52.2( naamas )a  
 nad libmagnem nagned nxx =  , kam ialin helorepid a  c  s tukireb iagabe : 
0=c .        
 isutitsbus kinket nakanuggneM  naamasreP irad urab kutneb helorepid akam
52.2( tukireb iagabes )a : 
( ) 0)()()()()(
2
)( 2 =+−′−+−+−




 ′′−
nnnn
n xxxyxyxyxx
xy
,     
uata   
2)(
2
)(
)()()()( n
n
nnn xx
xy
xxxyxyxy −
′′
+−′+= .     92.2( ) 
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musA 92.2( naamasreP nakis ubmus id nagnotopreb ) - x kitit adap )0,( 1+nx  ,  akam
aggnih naikimedes 0)( 1 =+nxy helorepid aggnihes, : 
2
111 )(2
)(
)()()()( nn
n
nnnnn xx
xy
xxxyxyxy −
′′
+−′+= +++    
          211 )(2
)(
)()()(0 nn
n
nnnn xx
xy
xxxyxy −
′′
+−′+= ++ .    03.2( ) 
A  isidnok nakirebid alibap )(')(',)()( nnnn xfxyxfxy == helorepid , : 
0)(
2
)(
)()()( 211 =−
′′
+−′+ ++ nn
n
nnnn xx
xf
xxxfxf .    13.2( ) 
13.2( naamasreP nakrasadreB  irad mumu kutneb helorepid )  ,tukireb naamasrep
kutneb malad : 
.02 =++ ChBhA          3.2( 2) 
13.2( naamasreP ) aud edro rolyaT tereD nagned tubesid asaib gnay   tapad
id ud nagned nakiaseles am isarepo kinket a t  edotem helorepid aggnihes akitame
 isareti sybehC h nad ve  .yellaH  
1.6.2  sybehC edoteM h ve  aynisnegrevnoK edrO nad  
asreP adaP aam 13.2( n  ) nagned gnarukid saur audek  )( nxf  d na
)()( 1 nnn xxxf −′′ + idajnem naamasrep aggnihes , : 
2*
11 )(2
)(
)()()( nn
n
nnnn xx
xf
xfxxxf −
′′
−−=−′ ++ .     ( 33.2 ) 
33.2( naamasreP nagned ilakid )  
)(
1
nxf ′
, akam  helorepid : 
2*
11 )()(2
)(
)(
)(
nn
n
n
n
n
nn xxxf
xf
xf
xf
xx −
′
′′
−
′
−=− ++ , 
uata        
        2* 11 )()(2
)(
)(
)(
nn
n
n
n
n
nn xxxf
xf
xf
xf
xx −
′
′′
−
′
−= ++ ,     43.2( ) 
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nagned  * 1+nx  71.2( naamasreP dotem helorepid aggnihes ) sybehC e h  malad ve
tukireb kutneb : 
)(2
)()(
)(
)(
3
2
1
n
nn
n
n
nn
xf
xfxf
xf
xf
xx
′
′′
−
′
−=+ .       ( 53.2 ) 
eP 53.2( naamasr  edro ikilimem gnay vehsybehC edotem nakapurem )
 agit naktabilem nagned agit isnegrevnok  edro ,ayntujnaleS .isgnuf isaulave
ini hawabid ameroet adap naksalejid naka vehsybehC edotem isnegrevnok . 
2.2 ameroeT   )1991 ,.kkd ,nedruB(  nakismusA D∈α   isgnuf irad raka halada
)(xf  nagned RDf ⊂:  akubret lavretni adap laisnerefidret gnay .D   akiJ 0x  
 ek taked pukuc ,α  53.2( naamasreP akam helorepid )  naamasrep  talag : 
)()( 432231 nnn eOecce ++−=+ ,        63.2( ) 
d agne n α−= nn xe  d na  ,)('
)(
!
1 )(
α
α
f
f
j
c
j
j = ,2=j   ,4 ,3
 
⋯. 
itkuB  : naklasiM  α  da  irad raka hala ,)(xf   akam .0)( =αf   nakismusA
0)(' ≠αf   nad ,α+= nn ex   kutnu rolyaT tered nakanuggnem nagned
 isgnuf nakisamiskorpagnem )( nxf   ratikes id ,α  helorepid akam : 
( ))()()( 43322 nnnnn eOececefxf +++′= α .      73.2( ) 
 irad rolyaT tered nakanuggnem nagned ayntujnaleS )(' nxf   ratikesid α  
epid helor : 
( )432 432 )(4321)(')(' nnnnn eOecececfxf α ++++= .          83.2( ) 
D  isnapske ,amas gnay lah nakukalem nagne )(" nxf  ratikesid α d kutneb mala : 
))(022162()()( 435
2
432 nnnnn eOecececcfxf ++++′=′′ α .    93.2( ) 
naigabmeP  83.2( nad )73.2( naamasreP irad helorepid ) : 
( )
( )
432
32
432
432
)()(')(
)(' )(4321)('
nnnnn
n nnnn
eOececefxf
xf eOecececf
α
α
+++
=
++++
,    
uata  
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( )
( ).)(4321
)(
)(
)(
43
4
2
32
43
3
2
2
nnnn
nnnn
n
n
eOececec
eOecece
xf
xf
++++
+++
=
′
     04.2( ) 
 naklasiM )(432 434
2
32 nnnn eOecececu +++=   tered nakanuggnem nagned akam  
+−+−=
+
321
1
1
uuu
u
helorepid tapad , :  
 ( )( ))(22
)(
)( 43
3
2
2
2
2 nnnn
n
n eOeccece
xf
xf
+−+−=
′
.       14.2( ) 
73.2( naamasreP d naktardaukid ) 93.2( naamasreP nagned ilakid na  aggnihes ,)
helorepid : 
 )()46(2)()( 43223
2
2
2
nnnnn eOeccecxfxf +++=′′ .     2( 24. ) 
83.2( naamasreP ,ayntujnaleS  akam 2 nagned ilakid nad 3 naktakgnapid )
epid helor : 
33
2324
22
232
3 )612742()4281(212)(2 nnnn ecccceccecxf ++++++=′  
               )( 4neO .         34.2( ) 
14.2( naamasreP ), 24.2( nad )  34.2( d ) i 53.2( naamasreP ek nakisutitsbus  )
helorepid : 
 )()2( 432231 nnnn eOeccxx ++−+=+ .      
O  anerak hel 11 ++ += nn ex α   nad ,nn ex += α  helorepid : 
)()2( 432231 nnn eOecce ++−=+ .       44.2( ) 
44.2( naamasreP  talag naamasrep nakapurem ) sybehC edotem kutnu h ve  
gnay  sybehC edotem awhab nakkujnunem h ve  uk isnegrevnok edro ikilimem ib .k  
2.6.2  yellaH edoteM  aynisnegrevnoK edrO nad  
3.2( naamasreP adap rolyaT tereD 2 ihes 2 ilakid ) malad silutid tapad aggn  
kutneb : 
0)()()()(2)(2 211 =−′′+−′+ ++ nnnnnnn xxxfxxxfxf ,  
uata     
( ) 0)()()(2)()(2 11 =−′′+′−+ ++ nnnnnnn xxxfxfxxxf .    54.2( ) 
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 saur audeK 54.2( naamasreP adap nagned gnaruk id ) )(2 nxf  ,  naamasrep akam
idajnem tubesret : 
( ) )(2)()()(2)( 11 nnnnnnn xfxxxfxfxx −=−′′+′− ++ .     64.2( ) 
64.2( naamasreP ,ayntujnaleS ) nagned igabid  )()()(2 1 nnnn xxxfxf −′′+′ +  ,
helorepid aggnihes : 
)()()(2
)(2
*
1
1
nnnn
n
nn xxxfxf
xf
xx
−′′+′
−
=−
+
+ , 
uata  
)()()(2
)(2
*
1
1
nnnn
n
nn xxxfxf
xf
xx
−′′+′
−=
+
+ ,       
nagned  * 1+nx  eP 71.2( naamasr  kutneb malad yellaH edotem helorepid aggnihes )
tukireb :  
)()()(2
)()(2
21
nnn
nn
nn xfxfxf
xfxf
xx
′′−′
′
−=+ .       74.2( ) 
74.2( naamasreP  edro ikilimem gnay yellaH edotem nakapurem )
 edro ,ayntujnaleS .isnegrevnok edro agit naktabilem nagned agit isnegrevnok
ejid naka yellaH edotem isnegrevnok ini hawabid ameroet adap naksal  
2.2 ameroeT   )1991 ,.kkd ,nedruB(  nakismusA D∈α   isgnuf irad raka halada
)(xf  nagned RDf ⊂:  akubret lavretni adap laisnerefidret gnay .D   akiJ 0x  
 ek taked pukuc ,α  kam 74.2( naamasreP a helorepid )  naamasrep  talag : 
)()( 432231 nnn eOecce ++−=+ ,        84.2( ) 
d agne n α−= nn xe  nad  ,)('
)(
!
1 )(
α
α
f
f
j
c
j
j = ,2=j   ,4 ,3
 
⋯. 
itkuB  : naklasiM α ada  irad raka hal ,)(xf   akam .0)( =αf   nakismusA
0)(' ≠αf   nad ,α+= nn ex   kutnu rolyaT tered nakanuggnem nagned
 isgnuf nakisamiskorpagnem )( nxf   ratikes id ,α  helorepid akam : 
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( )432 32 )()(')( nnnnn eOececefxf α +++= .      94.2( ) 
 irad rolyaT tered nakanuggnem nagned ayntujnaleS )(' nxf   ratikesid α  
d helorepi : 
( )432 432 )(4321)(')(' nnnnn eOecececfxf α ++++= .          05.2( ) 
D  isnapske ,amas gnay lah nakukalem nagne )(" nxf  ratikesid  α  d kutneb mala : 
))(022162()()( 435
2
432 nnnnn eOecececcfxf ++++′=′′ α .    15.2( ) 
ujnaleS 15.2( naamasreP ,aynt masreP nagned ilakid ) .2( naa 05  atres )  nagned ilakid
helorepid akam ,2 : 
)()48(62)()(2 43223
2
2 nnnnnn eOeccecexfxf ++++=′ .    )25.2(  
05.2( naamasreP akiJ akid nad naktardaukid )  naka akam 2 nagned il helorepid : 
)()4261()821(82)(2 43324
22
232
2
nnnnn eOeccceccecxf ++++++=′  . 35.2( ) 
15.2( naamasreP nagned ilakid )94.2( naamasreP naidumeK pid aggnihes ) helore : 
)()218()62(2)()( 43432
2
3
2
22 nnnnnn eOeccceccecxfxf +++++=′′ .   45.2( ) 
35.2( naamasreP ) ed gnarukid 45.2( naamasreP nagn helorepid aggnihes ) : 
22
232
2 )66(62)()()(2 nnnnn eccecxfxfxf +++=′′−′  
                )()614( 43324 nn eOeccc +++ .     55.2( ) 
25.2( naamasreP naidumeK ) 55.2( naamasreP nad ) di asreP ek nakisutitsbus  naam
74.2( helorepid ) : 
)()2( 432231 nnnn eOeccxx ++−+=+ .      
 anerak helo 11 ++ += nn ex α   nad nn ex +=α  helorepid : 
)()2( 432231 nnn eOecce ++−=+ .        .2( 65 ) 
.2( naamasreP 65  naamasrep nakapurem ) talag   edotem kutnu yellaH   gnay
tem awhab nakkujnunem  edo yellaH  m .kibuk isnegrevnok edro ikilime  
  
III BAB  
NAITILENEP IGOLODOTEM  
 
  rihkA saguT naiaseleynep malad nakanugid gnay igolodotem ,ini bab adaP
 atad naklupmugnem kutnu naujutreb gnay naakatsupek iduts edotem halada ini
 nad isamrofni -  lekitra nad ,lanruj ,ukub apureb rebmus irad lasareb gnay isamrofni
.ini naitilenep nagned nagnubuhreb gnay  
 hakgnal nupadA -  ini naitilenep igolodotem malad nakanugid gnay hakgnal
: halada  
.1   nakisinifedneM naamasrep utas halas  kutneb malad isgnuf : 
023 =++++ dxcxbxay .          )1.3(     
.2  M  iulale  kitit ))(,( nn xyx P aggnihes naamasre  )1.3(  silutid tapad  kutneb malad : 
( ) 0)()()()()( 23 =+−+−+−+− dxxcxxbxxaxyxy nnnn .    2.3( a) 
.3  d amatrep nanurut nakutneneM  naamasreP irad audek nanurut na 2.3( a  )
nurut kinket nakanuggnem helorepid aggnihes ,tisilpmi na : 
0)(2)(3)( 2 =+−+−+′ cxxbxxaxy nn ,      )b2.3(  
       nad  
02)(6)( =+−+′′ bxxaxy n .            )c2.3(     
.4  ialin gnutihgneM cb, nad d  ,)a2.3( naamasreP nakanuggnem  )b2.3(   nad
.)c2.3(  
.5  ialiN cb, nad d  nakisutitsbusid  ek P 2.3( naamasre a) ihes  naamasrep aggn
idajnem tubesret : 
( ) 0)()()(
2
)(
)()()( 23 =−′−−
′′
−−+− nnn
n
nn xxxyxx
xy
xxaxyxy .     )3.3(  
.6  3.3( naamasreP ubmus id nagnotopreb nakismusaid ) - x kitit adap )0,( 1+nx  ,
aggnihes 0)( 1 =+nxy   isidnok nakirebid nad )()(,)()( nnnn xfxyxfxy ′=′=
nad ,)()( nn xfxy ′′=′′ helorepid aggnihes  tukireb iagabes mumu kutneb : 
,023 =+++ DhChBhA  
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 ,nagned  
,
2
)(
,
,)( 1
n
nn
xf
B
aA
xxh
′′
−=
=
−= +
 
,)( nxfC ′−=  nad  
.)( nxfD −=  
.7  ugid gnay kinket ilabmek nakgnabmitrepmeM  vehsybehC edotem adap nakan
 nad yellaH  ud helorepid akam mumu kutneb a  tukireb iagabes isareti edotem : 
ChBhA
D
h
++
−
=
21
 ,         )a4.3(  
        nad  
C
DhBhA
h
−−−
=
23
2 .        )b4.3(  
.8  k helO  adap isareti edotem mumu kutneb anera )a4.3( naamasreP   nad b4.3( ) 
audek nanurut tapadret )( nxf ′′ akam , )( nxf ′′  nagned iskuderid  nakanuggnem
naamasrep 023 =++++ tsxrxy d ilutid tapad na s kutneb malad nak : 
rxxf nn 26)( −−=′′ .           )5.3(  
.9  usid )5.3( naamasreP ayntujnaleS )a4.3( naamasreP ek nakisutitsb  nad  
 naamasreP  helorepid akam )b4.3(  aud  nanurut apnat urab isareti edotem
.audek  
.01   naamasrep nakrasadreb isneisife skedni nad isnegrevnok edro nakutneneM
 gnay isareti .naklisahid  
.11   namargormep asahab nakanuggnem kiremun isalumis taubmeM 31 elpaM . 
 
  
 
  V BAB  
PUTUNEP  
1.5  nalupmiseK  
 edoteM  nagnotomep nakanuggnem nagned iskurtsnokid aynasaib isareti
 .rolyaT tered  edotem ,tubesret rolyaT tered nagnotomep nakanuggnem nialeS
 gnay isgnuf utas halaS .isgnuf natakednep nakanuggnem iskurtsnokid tapad isareti
d tapad  urab isareti edotem naklisahgnem kutnu nakanugi
utiay 023 =++++ dxcxbxay  edotem aud naklisahgnem halet tubesret isgnuF .
urab isareti   tapadret gnay audek nanurut iskuderem nagned ,audek nanurut apnat
isgnuf nakanuggnem tubesret isareti edotem adap 023 =++++ txsxrxy  nupadA .
 tubesret isareti edotem T isareti edotem utiay  II epiT isareti edotem nad I epi
tukireb iagabes kutneb malad : 








+
′
+
′′
−=+ 1)()()()(
2
)(
)(
326
2
1
nn
f
nn
f
n
n
nn xfxf
A
xfxf
A
xf
xf
xx ,      )1.5(  
nad  
)()()()()(
)()(
2742
36
1
nnfnnfn
nn
nn
xfxfAxfxfAxf
xfxf
xx
′−′+′
′
+=+ ,     )2.5(  
nagned )()()( 33 nnnf xfxfwfA θ−′= . 
 edoteM  isareti II epiT isareti edotem nad I epiT   isnegrevnok edro ikilimem
 naklisahgnem aggnihes isgnuf isaulave agit naktabilem nagned tapme  skedni
talag naamasrep ikilimem nad 104785,1 rasebes isneisife , 
( ) )(5 5432321 nnn eOeccce ++−=+ ,         .5( 3) 
d na  
( ) )(2 5432321 nnn eOeccce ++−=+ .         )4.5(  
B emun isalumis nakrasadre m ,helorepid gnay kir  edote  nad I epiT isareti
m II epiT isareti edote   tapec hibel kitrauk naamasrep nakanuggnem nagned
revnokek iapacnem m nagned nakgnidnabid akij naneg notweN edote  , m  edote
vehsybehC  , m  edote yellaH   d  na m  edote adnaG notweN  nakkujnutid ini laH .  adap
 .aynnial edotem aparebeb nagned nakgnidnabid tikides hibel gnay isareti halmuj  
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2.5   naraS  
lunep ini rihka sagut adaP  helo isaripsniret si ( nuhC )7002 ,   nad ( amrahS  ,
7002  gnay ) uggnem isareti edotem iskurtsnokgnem  natakednep nakan  isgnuf
 naamasrep alobaraP  022 =++++ dycxbyax  nad  02 =+++ cybxax  .
S m adap audek nanurut ,ayntujnale iskuderid tapad tubesret isareti edote   nagned
 helo nakukalid halet gnay itrepes aynnial isgnuf natakednep nakanuggnem ( nuhC  ,
02  nad )70 ( naijoaiX  , .)8002   acabmep arap adapek naknaraynem siluneP  raga
 nakgnabmegnem tapad  lisah  edotem  isareti ,silunep helorepid halet gnay   aggnihes
id  .fitkefe hibel nad iggnit hibel gnay isnegrevnok edro helorep  
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